To the Editor:

CORONAVIRUS DISEASE 2019 (COVID-19) is a contagious infection precipitated by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2. It is a novel virus of which transmissability, incidence and mortality rates have made it a global emergency. While the clinical manifestations of the virus may vary in severity, it is widely known that the cardiorespiratory system is the principle infection point of the virus, with acute respiratory distress syndrome (ARDS) and shock being possibilities.[@bib0001]

Although severe and critically ill patients account for 15-26% of patients, there are currently no targeted COVID-19 therapeutics.[@bib0002] At present, supportive care forms the core of disease management, with emphasis on oxygen delivery in the early stage of the disease.[@bib0003] In March 2020, the World Health Organization (WHO) published interim guidelines recommending the use of extracorporeal membrane oxygenation (ECMO) in ARDS patients unresponsive to mainstream therapies, in order to maintain cardiorespiratory function.[@bib0004]

In this letter, we present a systematic review of the literature to summarize the evidence behind using ECMO in COVID-19 patients, in accordance to the \"Preferred Reporting Items for Systematic Reviews and Meta-Analysis: (PRISMA) Guidelines. We have performed a comprehensive electronic literature search using key words "COVID-19," "SARS-CoV2," "Coronavirus," "ECMO," "Extracorporeal membrane oxygenation," "VA-ECMO," "VV-ECMO," "Outcomes," "Respiratory support," and "circulatory support," either as MeSH terms or in the combined key word formats.

Our results showed a total of 102 articles that were collected from the database search and through snowballing. A total of 25 articles were selected to be included, after exclusion of duplication and subsequent screening ([Fig 1](#fig0001){ref-type="fig"} ). A summary of each of the chosen studies was conducted as shown in [Table 1](#tbl0001){ref-type="table"} . After combining the data from the studies, 3,428 patients were diagnosed with COVID-19 overall, 612 patients were diagnosed with ARDS, and 479 were placed on ECMO, with VV-ECMO being the most commonly used type.Fig 1PRISMA chart of the literature search.Fig 1Table 1Summary of Included Articles.Table 1AuthorCountryStudy TypeCohort Size (No. of Patients on ECMO)ARDSTime and Type of ECMO (VV or VA)Overall Mortality (%)Barrasa et al.[@bib0005]SpainRetrospective48 (1)48N/A6 (15)Bemtgen et al.[@bib0020]GermanyCase report1 (1)1VA-ECMO and then switched to VV-ECMON/AChen et al.[@bib0024]ChinaRetrospective99 (3)17N/A11 (11)Firstenberg et al.[@bib0021]USACase report1 (1)1VV-ECMO (introduced on seventh day)N/AGuan et al.[@bib0013]ChinaCross-sectional1,099 (5)37N/A14 (1.4)Hartman et al.[@bib0022]USACase report1 (1)N/AVV-ECMO\
Started ECMO on hospital day 4N/AHuang et al.[@bib0006]ChinaCross-sectional41 (2)12N/A6 (14.6)Jacobs et al.[@bib0031]USACross-sectional32 (32)N/AVV-ECMO used in 78.1% of cases10 (31.3)Li et al.[@bib0015]ChinaCase series16 (8)N/A7 on VV-ECMO\
1 on VA-ECMON/ALoforte et al.[@bib0017]ItalyObservational59 (4)59VV-ECMO used in all patients1 (25)Marullo et al.[@bib0016]EuropeRetrospective333 (333)N/AVV-ECMO used in 93.7% of cases57 (17.1)Nakamura et al.[@bib0023]JapanCase report1 (1)1VV-ECMO introduced on hospital day 2N/ARuan et al.[@bib0009]ChinaRetrospective150 (7)62N/A68 (48.3)Shen et al.[@bib0025]ChinaCase series5 (1)5N/AN/ASultan et al.[@bib0029]USACase series10 (10)10VV ECMO\
Median time from first symptom to ECMO: 11 days\
7 and 10 days in total on ECMO1 (10)Takeda[@bib0030]JapanLetter to the Editor26 (26)N/AN/AN/ATang et al.[@bib0007]ChinaRetrospective case-control179 (10)73N/A21 (28.3)Taniguchi et al.[@bib0026]JapanCase report1 (1)1VV-ECMO (introduced on sixth day, day 2 after intubation)\
6 days on ECMO in totalN/AWang et al.[@bib0002]ChinaCase series138 (4)22N/A6 (4.3)Wu et al.[@bib0010]ChinaRetrospective201 (1)84N/A44 (22.9)Yang et al.[@bib0011]ChinaRetrospective710 (6)35N/A32 (4.5)Zangrillo et al.[@bib0008]ItalyCase series73 (5)73N/A17 (23.3)Zeng et al.[@bib0028]ChinaCase series12 (12)121.3 mean days on ECMO5 (41.6)Zhan et al.[@bib0027]ChinaCase report1 (1)N/AVV-ECMO\
5 days on ECMON/AZhou et al.[@bib0012]ChinaRetrospective191 (3)59N/A54 (28.3)[^1]

Commonly used as a form of rescue therapy, ECMO was delivered to COVID-19 patients with induced ARDS and other complications demanding urgent care.[@bib0005], [@bib0006], [@bib0007], [@bib0008] After data collation from the selected articles, an overall mortality rate of 19.83% was estimated. Nevertheless, the actual mortality rate may have been higher as some papers did not account for deaths of patients put on ECMO. The estimated figure, however, supported the claim that the use of ECMO does not exacerbate patient outcomes for COVID-19 patients in critical condition.

Few studies reported high mortality rates for patients with COVID-19. In this review, a total of three studies found a 100% mortality in patients with ARDS placed on ECMO.Yang et al. published similar findings ,with mortality rate of 83.33% (an overall total of 15 deaths).[@bib0009], [@bib0010], [@bib0011], [@bib0012] Additionally, a study by Guan et al. reported that 5 patients receiving ECMO all faced the same composite primary endpoint (admission to the ICU, mechanical ventilation or death).[@bib0013] However, with a number of deaths attributed to septic shock and multiple organ failure, the connection of VA-ECMO support and mortality outcomes could not be ascertained. Another consideration is whether the patients under observations experienced multiple organ failure while on ECMO, this is because ECMO is not advised in multiple organ failure (as highlighted in ELSO guidelines).[@bib0014]

Other reports showed conflicting data, with Li et al. depicting an ambivalent 50% mortality rate.[@bib0015] Meanwhile, 75% of deaths occurred in patients older than age 75 with comorbidities. Marullo et al. had similar findings, with a marginal difference between the number of patients who weaned off ECMO (60) and the number of deaths after ECMO (57) and an elevated risk in patients older than 60 with comorbities.[@bib0016]

In a separate research study by Loforte et al., 75% weaning rate was reported; however,one- third of weaned patients died after subsequent VV-ECMO removal.[@bib0017] Also, the remaining patient of the four had severe gastrointestinal bleeding while on ECMO, a severe complication linked to ECMO.[@bib0018] Thus, with a final mortality rate of 50%, with 2 out of 4 patients eventually dying, these results were also inconclusive in terms of the benefit of ECMO in COVID-19.

Despite results in these studies being less-than- optimistic, several considerations should be noted. First, the small sample in the majority of these articles offered no reliable conclusions. Second, the patient\'s disease severity at the time of ECMO initiation was often not addressed; therefore, ECMO administration may have been delayed to an extent that its effect on patients was questionnable.

Even though the postive results of some studies did not suffice as concrete evidence for ECMO use in COVID-19, they may be useful to determine whether specific patient characteristics are more compatible with ECMO use. Such findings have been reported by 2 case series and six case reports and 2 case series, which all found positive endpoints for patients on ECMO (weaned off ECMO or discharged from the hospital).[@bib0019], [@bib0020], [@bib0021], [@bib0022], [@bib0023], [@bib0024], [@bib0025], [@bib0026], [@bib0027]

The included literature postulated that if given earlier, ECMO may improve patient outcomes. Both Zhan et al. and Taniguchi et al. favored early ECMO provision to improve recovery chances of their patients via protection of their organ oxygen supply and prevention of lung injury through mechanical damage (ventilators).[@bib0026], [@bib0027] Firstenberg et al. reported similar findings, with emphasis on the impact of decision-making for ECMO initiation on patient discharge; the timing between reaching the threshold for indication and the decision to begin therapy were found to be of utmost importance[@bib0021] Additionally, the role of ECMO in stabilizing oxygenation and supporting the lung have been deemed essential by Taniguchi et al. to improve outcomes.[@bib0026] In patients with deteriorating lung function, determining and treating its cause are imperative. In this respect, aggravated oxygenation may be attributed to to worsening ARDS by COVID-19 pneumonia. In cases with stronger inflammatory results than pulmonary congestion, ECMO was initiated to assist the patient\'s recovery.[@bib0028], [@bib0029], [@bib0030] The ELSO guidelines outlined the principal contraindications for the use of ECMO, which have been summarized in [Table 2](#tbl0002){ref-type="table"} .Table 2Absolute Contraindications for ECMO in COVID-19 Patients With Cardiopulmonary Failure.Table 21. Advanced age2. Clinical frailty scale category ≥33. Severe multiple organ failure (renal failure is not an exclusion criterion)4. Severe acute neurological injury5. Significant underlying comorbidities6. Mechanical ventilation \>10 days7. Uncontrolled bleeding8. Contraindications to anticoagulation9. Inability to accept blood products10. Ongoing CPR[^2][^3]

The authors searched other literature and found that these results were comparable with regard to the use of ECMO. A systematic review and meta-analysis, including studies such as the CESAR[@bib0031] and EOLIA[@bib0032] trials among othe, posited that the use of VV-ECMO in acute severe respiratory failure was linked to a 60-day reduced mortality (RR 0.73, 95% CI 0.58-0.92) in comparison to conventional mechanical ventilation.[@bib0033] Despite many clinicians against the results in the CESAR study, the EOLIA study still did not reveal any significant difference in overall mortality. Furthermore, an estimate of 40%-predicted survival to discharge on VA has been reported by ELSO,[@bib0034] compared with 58% on VV[@bib0035]; yet since no comparison has been made to conventional care, the survival advantage of VV is still to be determined.[@bib0036] ^,^ [@bib0037]

Supported by several guidelines,the use of VV-ECMO in COVID-19 ARDS,[@bib0004] ^,^ [@bib0014] ^,^ [@bib0038] ^,^ [@bib0039] VV-ECMO has proven useful in offering respiratory support, particularly in severe respiratory failure. Hence, with acute respiratory failure and occasionally acute respiratory failure as distinctive features of SARS-COV-2 pneumonia,VV-ECMO use has been on the increase.

Meanwhile, 22% of COVID-19 patients experienced cardiovascular complications, such as heart failure, myocarditis and a hypercoagulability. The evidence in favor of VA-ECMO use for both respiratory and hemodynamic support is well-founded, with VA-ECMO recommended in an array of scanarios, such as myocarditis, acute myocardial infarction, decompensated cardiac failure, or even cardiogenic shock as complications of cardiac injury. This presents an opportunity for additonal use VA-ECMO in COVID-19 patients.[@bib0040]

Through compilation of the published findings, the authors devised the systematic plan portayed in [Figure 2](#fig0002){ref-type="fig"} . Decisions about patient suitability for ECMO should be done in a timely manner to avoid overuse of ventilators and associated complications. For futher risk minimization, patient referrals to specialized tertiary centers are suggested for those in need of ECMO in order to ensure proper care provision and compliance to standardized ECMO guidelines.Fig 2Algorithm for decision-making regarding ECMO provision in COVID-19 patients. Abbreviations: EMCO, extracorporeal membrane oxygenation; Pa[o]{.smallcaps}~2~:Fi[o]{.smallcaps}~2~, ratio of partial pressure of oxygen in arterial blood to the fractional concentration of oxygen in inspired air; PaC[o]{.smallcaps}~2~, partial pressure of carbon dioxide in arterial blood; PEEP, positive end-expiratory pressure. \*L-phenotype has been associated with preserved lung compliance and shown to have favorable outcomes with ECMO.[@bib0029] Adapted from the Extracorporeal Life Support Organization (ELSO).[@bib0014]Fig 2

Furthermore, risk of thrombotic and hemorrhagic complications can increase due to disruption in coagulation pathways. This may be because of the use of anticoagulants when delivering ECMO and concurrent systemic inflammation. Hence, additional attention must be provided to coagulability levels in patients during ECMO.[@bib0041]

Apart from present guidelines, other tools have been produced for the purpose of decision-making around VV-ECMO use to optimize outcomes. Such prediction tool scores include PRESERVE (AUC 0.75, 95% CI 0.57-to-0.92, p = 0.01) and RESP scores (AUC 0.81, 95% CI 0.67-to-0.95, p = 0.035).[@bib0042] Scores like the survival after veno-arterial-ECMO (SAVE) can help to discern patients best suited for VA-ECMO in order to maximize allocation of resources,[@bib0043] They also have been salient in forecasting survival outcomes for patients with ARDS using VV-ECMO, but they do not come without limitation. With COVID-19 manifastations being very multifactorial, prediction tool scores often do not consider individual pathophysiologies; for example cytokine storms.

In conclusion, these authors recommend ECMO use in COVID-19 but with caution and in compliance with current guidelines. While evidence advocating ECMO use in COVID-19 is not substantial, ongoing studies may provide new insight in ECMO use in COVID-19 patients in critical cases. To ensure optimal patient care, a case-by-case approach should be implement, with risk-benefit analysis conducted for each patient.

Limitations {#sec0001}
===========

Due to the scarcity of data in this area, particularly for use of VA-ECMO, the suitability of ECMO use for COVID-19 is still to be determined. A plausible reason for this is that the prevalence of ARDS (utilizing VV-ECMO) among COVID-19 patients is higher with respect to those with shock (for which VA-ECMO is suggested).

As several studies did not report patient outcomes, we were unable to acertain the true extent to which ECMO affected patient health. The gaps in our outcomes data prevented us from performing a high-quality meta-analysis, as effect sizes could not be estimated for some studies. Therefore, the overall mortality rate that we reported, which included studies without reported outcomes, may be subject to change.

As the characteristics of the study participants in this review were not always mentioned, we were unable to make any assumptions on how ECMO may reduce mortality in particular patient groups. Since demographic factors and presence of comorbidities have shown to have an influence COVID-19 prognoses, these variables should be taken into consideration as potential determinants of patients' outcomes, along with initiation of ECMO as salvage therapy.

Treatment in COVID-19 patients is often complex with ECMO as one of many therapy elements involved in primary treatment. For this reason, the extent to which ECMO use has contributed to patient recovery is still to be determined.

There is no single gold standard to decide initiation of ECMO use, resulting in inconsistent data. In studies with patients receiving ECMO at a more advanced stage, baseline risk of mortality would be elevated. Additionally, hospitals with low numbers of ECMO machines may have prioritized critical patients, due to their greater need of salvage therapy, which could have been reflected in the reported mortality rates (selection bias).

Although collation of data has produced an overall mortality rate, treatment variations, such as treatment technique and time of ECMO initiation, are not being considered. This stems from the fact that diversity of guidelines and degree of compliance to guidelines may have resulted in variable patient outcomes, which cannot be distilled into quantifiable data.
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[^1]: Abbreviations: ARDS (Acute Respiratory Distress Syndrome) , VA-ECMO (Veno-arterial Extracorporeal Membrane Oxygenation), VV-ECMO (Veno-venous Extracorporeal Membrane Oxygenation).

[^2]: Abbreviations: CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation.

[^3]: Adapted from ELSO.^17^
